Abstract: Chronic nonspecific diarrhea in children, or toddler's diarrhea, is a frequently encountered entity in pediatric clinical practice. This disorder remains poorly understood. Suggested etiologies include malabsorption, dietary intake and motility abnormalities. We investigated the use of sacrosidase (a yeast sucrase supplement) in children with toddler's diarrhea. The study outcome was clinical response to sacrosidase supplementation. Children, 1-6 years of age, with toddler's diarrhea were enrolled in an open prospective trial. Stooling patterns were obtained at baseline and while on supplementation. Twelve patients were enrolled out of 40 patients who presented with chronic diarrhea. Eight patients did not respond to standard diet changes and were entered into the trial. With supplementation, 4 out of the 8 patients responded clinically with a decrease in mean daily stool frequency and an improvement in the mean daily stool consistency. Sacrosidase supplementation demonstrated a potential benefit in a subset of children with toddler's diarrhea. Response to sacrosidase may suggest excessive sucrose intake or unrecognized partial or complete sucrase deficiency in some children with toddler's diarrhea.
INTRODUCTION
Chronic nonspecific diarrhea in children, or toddler's diarrhea, is frequently encountered in clinical practice. Onset is usually between 6 and 30 months of age with symptom resolution after 5 to 6 years of age. These children typically have at least 2-6 loose daily but maintain good nutritional status except when excessive diet restrictions are imposed [1, 2] . The diarrhea may cause significant parental anxiety and frustration leading to frequent health care visits [3] . This well recognized disorder remains poorly understood [4] . The diagnosis is often made based on history, lack of abnormal physical exam findings and a limited number of screening tests [1, 2] . Several factors have been suggested to play roles in the pathogenesis including carbohydrate intolerance, overfeeding, excess fluid and juice intake, low fat intake, intestinal motility abnormalities and increased synthesis or sensitivity to prostaglandins [2, 5] . Management has traditionally aimed at parental reassurance and changing the child's feeding pattern. Fluid intake is decreased especially that of clear fruit juices presumably because of their sucrose and fructose content. Additionally, fiber and fat intake are usually encouraged [3, 6, 7] . Few studies have suggested that drug therapy, including the use of aspirin, loperamide and mebeverine, may help obtain acceptable defecation patterns [3, 4] . This is rarely employed in clinical practice.
The differential diagnosis of chronic diarrhea in children includes enteric pathogens, postinfectious gastroenteritis, small bowel bacterial overgrowth and malabsorptive disorders. Congenital sucrase-isomaltase deficiency (CSID) is a rare autosomal recessive disease that typically causes chronic or intermittent watery diarrhea in affected children. It is due to the absence of sucrase-isomaltase enzyme complex on the intestinal luminal surface. The sucrase subunit hydrolyzes the glucose-fructose linkage in sucrose and the 1-4 glucose linkages in maltose and maltotriose. The isomaltase subunit cleaves the 1-6 glucopyranosyl linkages in branched oligosaccharides, the 1-6 linkages in isomaltase and 1-4 linkages of maltose [8] . Patients with CSID lack sucrase activity but may have variable isomaltase activity [9, 10] . In addition, the activity of another intestinal disaccharide, maltaseglucoamlyase, overlaps with sucrase-isomaltase in digestion of maltose, maltotriose and starch [11] . These factors most likely play a role in the phenotypic variation among patients with CSID [12] .
Prevalence of CSID in the US is 0.2% but is higher in certain populations such as Greenland Eskimos (2-10%) and Canadian native peoples (3.6%-7.1%) [13] . It is suggested that this entity is underestimated. Clinical presentation of CSID is variable and in part depends on introduction and content of sucrose in a patient's diet. Treem et al. [13] described 23 cases of CSID in which 7 cases (30%) had chronic diarrhea with normal growth. Such children can be misdiagnosed as chronic nonspecific diarrhea, irritable bowel syndrome or cow's milk protein intolerance [13, 14] . Few reports have documented delayed diagnosis until adulthood [15] [16] [17] .
The treatment of CSID involves a strict life-long adherence to a sucrose-free diet which is difficult leading to noncompliance and persistent or intermittent symptoms. Starch restriction is not usually needed because of residual isomaltase activity, unless symptoms persist despite implementing a sucrose-free diet [18, 19] . Sacrosidase, Dfructofuranoside fructohydrolase, is derived from baker's yeast (Saccharomyces cerevisiae) and is a proven oral replacement therapy for patients with CSID [10, 20] . In its liquid preparation, sacrosidase is extremely potent with very high sucrase activity [10] . Such supplementation allows more normal diet consumption in patients with CSID. Excellent symptom relief is usually reached in around 75% of biopsy proven CSID patients. This high response rate is similar to that noted on a strict sucrose-free diet [20] .
A definitive diagnosis of CSID can be made by demonstrating absence of sucrase-isomaltase in the small intestinal biopsy of the distal duodenum or proximal jejunum. Several noninvasive diagnostic methods include the sucrose breath hydrogen test, sucrose tolerance test and differential urinary disaccharidases [13] . Each of these approaches has its advantages and pitfalls. Another possible noninvasive approach to the evaluation of suspected CSID is to conduct a therapeutic challenge with sacrosidase. This is especially helpful in settings where small bowel biopsy with disaccharidase level determination or breath hydrogen testing is difficult or inconvenient to perform.
We hypothesized that a subgroup of patients with chronic nonspecific diarrhea is symptomatic because of a high sucrose intake in their diets or due to unrecognized partial or complete deficiency of intestinal sucrase-isomaltase. We tested our hypothesis by using sacrosidase supplementation as a treatment in patients with chronic nonspecific diarrhea who had not responded to standard diet changes.
METHODS

Subjects
Children, 1 to 6 years of age, with toddler's diarrhea were recruited from the outpatient Pediatric Gastroenterology Clinic at the University of Iowa. The study was approved by the institutional review board at our center. Eligibility criteria included toddler's diarrhea defined as having 3 loose stools per day, on at least 50% of the days over the last 3 months, in the absence of other causes. Exclusion criteria included: (1) symptoms suggestive of infection, inflammation or malnutrition (fever, bloody stools or failure to thrive), (2) known allergy to sacrosidase, yeast, yeast products, or glycerin, or (3) concomitant use of medications that could modify gastrointestinal motility. Use of antibiotics during the four weeks prior to the study period was also an exclusion criterion. Written consent to participate in the study was obtained from parents or legal guardians. All patients had the following screening tests done prior to the intervention: stool culture for enteric pathogens, stool clostridium difficile toxin assay, stool Giardia antigen detection assay, stool Rotavirus antigen assay, complete blood count with differential, C-reactive protein and/or erythrocyte sedimentation rate, tissue transglutaminase IgA, anti-endomysial IgA and a total serum IgA level. Patients with abnormal screening tests were excluded from the study.
Protocol
Children who satisfied the inclusion criteria for toddler's diarrhea and had normal screening tests were offered enrollment into the study. Parents were provided with daily diaries to fill over one week to assess the following baseline characteristics:
-Stool frequency -Stool consistency using a 1 to 5 scale, with 1 = hard and dry, 2 = firm, 3 = soft, 4 = loose, 5 = watery -Presence/frequency of abdominal pain, flatulence, nausea or emesis.
A diet free of juices and other sugar-containing beverages and rich in fiber-containing foods was emphasized. Patients whose defecation patterns on this diet satisfied the inclusion criteria were placed on a sacrosidase trial. These patients were prescribed sacrosidase oral solution (Sucraid, QOL Medical, Kirkland, WA, USA) based on weight (1 ml or 8500 IU if 15 kg; or 2 ml or 17,000 IU if > 15 kg) with meals and snacks. The first sacrosidase dose was provided in the clinic and the patients were monitored for 30 minutes for any signs of allergy. Parents were asked to complete daily diaries for 2 weeks while on sacrosidase supplementation. Clinical response was defined by 50% decrease in the average number of daily bowel movements and/or an increase (improvement) of 2 points on the stool consistency scale. Patients who responded clinically were offered sucrose breath hydrogen testing. An elevation of breath hydrogen by > 20 parts per million (ppm) over baseline was considered positive after ingesting a sucrose load of 2.0 g/kg following an overnight fast.
Statistical Analysis
Data (age at presentation, duration of symptoms, growth parameters, daily stool frequency and consistency) were expressed as mean values (±SD). Other demographic data (gender, ethnicity, presence of family history) were expressed as a percentage of total patients. A two tailed paired t test was used to compare daily stool frequency and consistency before and after the intervention. A value of P < 0.05 was considered significant.
RESULTS
Between September 2005 and July 2006, 40 children, 1 to 6 years of age, presented to our clinic with a chief complaint of chronic diarrhea. Of these patients, 12 (30%) satisfied the criteria for toddler's diarrhea by history, physical examination and negative screening tests. Within this cohort, positive family histories were noted for irritable bowel syndrome (3 patients), inflammatory bowel disease (2 patients) and cystic fibrosis (2 patients). None had a known family history of celiac disease. Demographic data of the patient cohort are presented in Table 1 .
All families reported their children failed to respond previously to a variety of diet restrictions. After explaining and implementing standard diet changes (elimination of juices and other sugar-containing beverages and increasing fiber intake), diarrhea resolved in three patients as documented by stool diaries. These patients were excluded from further intervention. One family did not return the daily diaries and their child was excluded from the study. Eight patients remained in the study.
The baseline diet characteristics for the remaining eight patients included a mean daily juice intake of 6.8 ounces (± 7.9 ounces, SD), mean daily non-juice fluid intake (such as water, milk) for this group of 15.3 ounces (± 6.7 ounces, SD) and the mean daily carbohydrate food servings (such as bread, pasta, rice, potatoes) of 3.5 servings (± 1.4 servings, SD). These values were not different from subjects who responded to the diet changes. As mentioned previously, parents were instructed to eliminate juice intake completely during the study. There were no restrictions placed on water or carbohydrate food intake but increased fiber intake was encouraged. We prescribed sacrosidase to the remaining eight non-responders who completed the 2 week intervention while on the same restricted diet. The first sacrosidase dose was provided in clinic with patients being monitored for 30 minutes. All patients had stable vital signs and none developed any clinical signs of an allergic reaction. A non-significant statistical difference was noted between the mean stool frequency reported by parents during the clinic visit and that obtained by diaries during the baseline period, with 5.4 (± 3) stools per day by history compared to 4 (± 1.5) stools per day by recorded diaries (P value 0.12). The mean daily stool consistency was similar by history and by recorded diaries at 4.3 (± 0.7) and 4.2 (± 0.8), respectively (P value 0.97).
Following the addition of sacrosidase, four out of the eight patients responded clinically with improvement in their stool characteristics (Figs. 1, 2) . The mean daily stool frequency for all eight patients decreased from 4 (± 1.5) to 2 (± 0.5) (P value 0.01, 95% CI 0.64 -3.35). The mean daily stool consistency scale also improved from 4.2 (± 0.8) to 2.9 (± 0.6) (P value 0.01, 95% CI 0.40 -2.37). Fig. (1) . Stool frequency. The daily stool frequency decreased from a mean of 4 (± 1.5) stools per day at baseline to a mean of 2 (± 0.5) stools per day while on sacrosidase supplementation. Fig. (2) . Stool Consistency. The daily stool consistency score improved from a mean of 4.2 (± 0.8) points (out of a total of 5 points) at baseline to a mean of 2.9 (± 0.6) while on sacrosidase supplementation.
The families of two clinical responders agreed to sucrose breath hydrogen testing. One patient had a high baseline hydrogen excretion (25 ppm) with no subsequent rise, while the second patient had an acceptable baseline level (6 ppm) and no further elevation from his baseline level.
DISCUSSION
Children with toddler's diarrhea are likely to be managed most often at the primary care level. These patients have good oral intake, normal growth and no concerning signs for infection or inflammation. This condition remains poorly understood and may encompass a heterogeneous group of disease entities. The differential diagnosis includes a variety of disorders including carbohydrate malabsorption. Congenital sucrase-isomaltase deficiency classically presents with significant diarrhea in early childhood with introduction of sucrose into the diet. Several studies have documented mild or delayed symptoms, most likely related to the amount sucrose consumption [13, 14] which may lead to misdiagnosis as nonspecific diarrhea. Additional factors may contribute to symptom severity including gastric emptying rate, activity and concentration of colonic bacteria and colonic absorptive capacity.
In our cohort, three patients responded to standard dietary manipulation with restriction of juice and excessive fluid intake and increases in fiber consumption. Some studies have demonstrated benefit from increasing fat intake [6, 7] . Diet adjustment remains the simplest solution and should be re-explained and emphasized to families even those who report previous failures. Limited screening tests are often performed and should serve to reassure the physician and parents that no serious underlying disorder exits. In patients with other symptoms such as anorexia, failure to thrive, bloody stools, abdominal distension or pain, further evaluation is needed.
Several tests exit to make the diagnosis of CSID. Invasive testing with determination of intestinal disaccharidase levels is the gold standard. Several important factors affect the accuracy of such testing including biopsy location within the small intestine, number of biopsies obtained and tissue handling after biopsy. Upper endoscopy with small bowel biopsies was not performed in our patients as it was hard to ethically and economically justify in patients who had normal appetite, growth and development. Sucrose breath hydrogen testing has been validated in children with sucrose malabsorption [21] . This was offered but only accepted by two families. False negatives occur in non-hydrogen producers in less than 5% of children in the absence of other causes such as recent antibiotic use [22] . Much higher rates of nonhydrogen producers (up to 20%) have been reported in adult studies [23] . High baseline hydrogen breath levels, as noted by one of our patients, can make this test less useful and may suggest small bowel bacterial overgrowth. We opted to use a short sacrosidase therapeutic trial to assess for clinical response. The limitations of this approach include difficulty in differentiating sucrase deficiency (primary or secondary) from high sucrose consumption (although this was supposedly minimized or eliminated in our cohort). Confirmatory testing, preferably with small bowel biopsies, should still be performed prior to committing patients to life-long sucrose free diet or sacrosidase supplementation.
In our cohort of children with toddler's diarrhea, sacrosidase supplementation demonstrated a clinical benefit in a subset of patients by decreasing stool frequency and/or improving stool consistency. The cohort size was small and long term follow-up was not available in patients who responded. The observed response may be due to excessive sucrose in the children's diet which may still be underappreciated by the family, or it may be due unrecognized complete or partial sucrase deficiency. Clinical nonresponders may still have had CSID with low isomaltase activity, but remained symptomatic despite sacrosidase supplementation because of starch consumption.
A short therapeutic sacrosidase trial in patients with toddler's diarrhea may be attempted but the limitations of such intervention should be clarified to the families of such patients. A larger scale study with more invasive confirmatory testing is needed to assess the long term benefit of such an intervention.
